Oxidative stress has been implicated in the pathogenesis of various diseases affecting chondrogenesis or the function of articular cartilage. DNA damage caused by oxidative stress may trigger the activation of the nuclear enzyme, poly(ADP-ribose) polymerase-1 (PARP-1) which may contribute to tissue injury. We aimed at investigating the effects of peroxynitrite (100-600 μM) and hydrogen peroxide (0.1-4 mM) on PARP activation and extracellular matrix production of high density micromass cultures (HDC) prepared from chick limb bud mesenchymal cells. We found that both oxidative species strongly inhibited matrix formation of HDCs treated on day 2 but not on day 5. The PARP inhibitor 3-aminobenzamide (3-AB) stimulated matrix production in non-stressed cells and prevented suppressed matrix production in oxidatively stressed cells. Both hydrogen peroxide and peroxynitrite induced PARP activation and poly(ADP-ribose) accumulation. Decreased proliferation, viability and NAD + content were not or only slightly improved by 3-AB, indicating that 3-AB directly affects matrix formation. In conclusion, oxidative stress stimulates poly(ADP-ribose) metabolism and inhibits extracellular matrix production of HDCs in a PARP-dependent manner. Our findings may have implications for potential therapeutic approaches aimed at restoring the matrix production capacity of chondrogenic cells.
Introduction
During embryonic development or during growth of tubular bones, chondrogenic mesenchymal cells and chondrocytes undergo proliferation followed by initiation of a tightly controlled developmental program leading to terminal differentiation (1-3). This process is accompanied by characteristic changes in phenotype including a switch from the expression of type I to type II collagen, appearance of type X collagen, release and mineralization of matrix vesicles, increase in alkaline phosphatase activity and expression of vitamin D receptors.
Primary cell culture established from chondrogenic mesenchymal cells isolated from chick limb buds is a wellknown and widely used experimental model for investigation of cartilage differentiation. Chondrogenic cells must be inoculated in a very high density (15-20 million cells per milliliter) to gain appropriate cartilage formation. In such high-density micromass cell cultures of chondroprogenitor mesenchymal cells, a spontaneous cartilage formation occurs within 6 days (4,5). The differentiation process starts with condensation of chondrogenic cells and is followed by development of precartilage nodules. The cells of these nodules establish cell-to-cell contacts, and differentiate into mature chondrocytes under the control of paracrine and endocrine signals (1, 6) . In micromass cultures, the major steps of cartilage differentiation occur on days 2 and 3 when young cartilage cells start to secrete a specific extracellular matrix rich in type II collagen and aggrecan (2,3).
Differentiation, survival and maintenance of the chondrocyte phenotype are regulated by various physical and soluble factors (2). Among these factors, oxidative stress agents including reactive oxygen-and nitrogen-containing intermediates (ROI and RNI, respectively) have also been shown to affect development and homeostasis of the cartilage. Chondrocytes produce superoxide, hydrogen peroxide and hydroxyl radicals (ROI species) under resting condition or after immune stimulation (7-10). Moreover, nitric oxide (the primary RNI species) has also been shown to be produced during chondrogenesis and in osteoarthritis (11-13). Increased production of reactive species has been proposed to contribute to the pathology observed in inflammatory joint diseases INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 19: 597-605, 2007 
